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ABSTRACT. Gallocanta lagoon, NE Spain, is one of the main stopover and wintering areas of Common Cranes (Grus grus) migrating
through Western Europe. We investigated how the water level of the lagoon where cranes roost, precipitation, and air temperature
might have influenced the species’ migration and wintering patterns in this area between 1973 and 2018. Over the study period, the
mean annual air temperature increased at 0.3 °C per decade. Simultaneously, cranes advanced the spring peak migration date at a rate
of 0.37 days/year. Water level and rainfall during spring were also positively correlated with the date of spring migration peak. Because
cranes need shallow water to roost, and must drink water from streams because the lagoon is saline, these correlations suggest that low
water levels at roosting sites and drinking water shortage may have further accelerated the onset of northward spring migration. The
water level was also positively correlated with peak crane numbers in autumn, suggesting that the roosting capacity of the lagoon may
limit numbers of cranes that can stopover in the area. We conclude that global warming, variations in the water level of the lagoon,
and precipitation during spring have determined changes in the use of Gallocanta as a staging and wintering area by Common Cranes
during the last decades. Because climatic models predict further decreases in rainfall and higher temperatures in the area, further
advances in the migration phenology of cranes should be expected, which might also have implications for the conservation and
management of the species and the study area.
Modification de la phénologie de migration des grues associé aux changements climatiques dans le
sud-ouest de l'Europe
RÉSUMÉ. La lagune Gallocanta, dans le nord-est de l'Espagne, est l'une des principales haltes et aires d'hivernage de la Grue cendrée
(Grus grus) qui migre dans l'ouest de l'Europe. Nous avons examiné de quelle façon le niveau d'eau de la lagune où les grues dorment,
les précipitations et la température de l'air ont pu influer sur les tendances de migration et d'hivernage de l'espèce dans ce secteur entre
1973 et 2018. Au cours de cette période, la température moyenne annuelle de l'air a augmenté de 0,3 °C par décennie. Simultanément,
les grues ont devancé la date de leur pic migratoire printanier au taux de 0.37 jour/année. Le niveau d'eau et les précipitations au
printemps ont aussi été positivement corrélés avec la date du pic migratoire printanier. Parce que les grues ont besoin d'eau peu profonde
pour y dormir et qu'elles doivent boire de l'eau à partir de ruisseaux étant donné que la lagune est salée, ces corrélations indiquent que
de faibles niveaux d'eau aux dortoirs et un manque d'eau potable ont peut-être accéléré encore plus l'initiation de la migration printanière
vers le nord. Le niveau d'eau était aussi corrélé positivement avec le nombre maximum de grues en automne, laissant entrevoir que la
capacité de rassemblement à la lagune limite sans doute le nombre de grues qui peut s'arrêter dans le secteur. Nous concluons que le
réchauffement climatique, les variations du niveau d'eau de la lagune et les précipitations au printemps ont été responsables du
changement dans l'utilisation de Gallocanta comme halte et aire d'hivernage par les Grues cendrées durant les dernières décennies.
Puisque les modèles climatiques prédisent encore moins de précipitations et des températures plus élevées dans le secteur, on peut
s'attendre à un avancement encore plus prononcé de la phénologie de migration des grues, ce qui pourrait aussi avoir des répercussions
sur la conservation et la gestion de l'espèce et de l'aire d'étude.
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INTRODUCTION
Migratory birds have been instrumental for understanding
climate-change effects because they show a wide array of changes
in migration phenology, but there are still many aspects that need
further research (Knudsen et al. 2011, Dunn and Møller 2019).
For example, an earlier arrival at the breeding or wintering areas
may occur through a reduction in duration of the migratory trip,
either by flying faster or by shortening the stay at stopover sites,
but also by advancing the departure date. Although the onset of
migration is determined endogenously, its timing is flexible and
can be modified in response to changes in weather and phenology
along migration routes (Marra et al. 2005). Such flexibility in
migration speed and stopover duration, however, seems
insufficient to adjust to ongoing climate change and is unlikely to
explain the observed arrival advancements in some species
(Knudsen et al. 2011, Charmantier and Gienapp 2014,
Schmaljohann and Both 2017). On the other hand, even closely
related species differ in their phenological responses, and the
causes of these interspecific variations are still poorly understood
(Végvári et al. 2010, Bauer et al. 2016). Thus, examining spring
phenology in both wintering and breeding grounds is important
to understand the mechanism of phenological shifts.  
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The timing of spring migration is essential for successful
reproduction in north-temperate breeding areas (Kokko 1999,
Visser et al. 2006). An early arrival can result in higher
productivity by increasing the chances of acquiring better
territories (Aebischer et al. 1996, Smith and Moore 2005) or
retaining those of previous seasons (e.g., Forstmeier 2002). It also
helps coupling food availability and food requirements (e.g.,
Dunn et al. 2011). Additionally, early breeders have more time to
recover from migration before starting reproduction, and to raise
their offspring on time before the next autumn migration
(Ramenofsky and Wingfield 2007). In sight of these advantages
of an early arrival at the breeding areas, the influence of the
alterations enhanced by climatic conditions and their magnitude
should be investigated in wintering and stopover sites to make
reliable predictions related to phenological shifts.  
Common Cranes (Grus grus), like most other crane species, are
long-lived birds that perform long migrations between breeding
and wintering areas. Thus, they are suitable to investigate whether
changes in migratory patterns are associated to climate changes.
For example, Whooping Cranes (Grus americana) advanced the
spring migration by 22 days and delayed the autumn migration
by 21 days over the last 75 years (Jorgensen and Brown 2017),
overwintering in new sites where climate changes have resulted in
higher temperatures and more agricultural food resources
(Teitelbaum et al. 2016).  
The breeding, stopover, and wintering sites of Common Cranes
in the western Palearctic are well known (Prange 2016, Ojaste et
al. 2020) and their migration phenology has been recorded over
several years at different sites (Bautista et al. 1992, Filippi-
Codaccioni et al. 2011, Knudsen et al. 2011, Mingozzi et al. 2013,
Salvi 2016, LPO/Birdlife 2018). However, the drivers of changes
in phenology are mostly unknown. In recent years, Common
Cranes arrive earlier at their breeding areas (Lundgren 2012, Salvi
2016, Palm et al. 2017), abandon them earlier in summer (Filippi-
Codaccioni et al. 2011), and also pass earlier through
postbreeding stopover sites (Kraft 1999, Végvári 2015). However,
it is unclear whether Common Cranes also arrive earlier at their
wintering sites in southwestern Europe. An early arrival at the
breeding sites suggests that they could leave their wintering sites
earlier. On the other hand, although most Common Cranes still
overwinter at their traditional areas in southwestern Europe
(Prange 2005, Román 2018), some have reduced the migration
distance and currently spend the winter closer to the breeding
areas (e.g., Mewes and Rauch 2012, Nowald et al. 2012, Salvi
2012). Unlike in autumn, spring staging is short and apparently
determined by weather conditions, although the causes of such a
brief  staging are still poorly understood (Alonso et al. 1990a, b).  
In this study we investigate the relationships between migration
and climate in the Common Crane phenology during five decades
at Gallocanta Lake, one of the most important wintering and
stopover sites in the species’ western migratory flyway. This lake
and the surrounding agricultural fields have been used by
increasing numbers of Common Cranes as a staging and
wintering area since the early 1970s (Alonso et al. 1987a, b,
Bautista et al. 1992). The factors responsible for this increase were
an enhanced protection of the area (Bautista et al. 1992), higher
food availability (Alonso et al. 1994), and an increase in the size
of the species’ population in Western Europe (Alonso et al. 2008,
Prange 2012). Previous studies of the effects of weather during
the prebreeding migration in Gallocanta showed higher migration
intensity on sunny days with tail winds (Alonso et al. 1990a, b).
But the long-term effects of climate on the spring and autumn
migration phenology at Gallocanta are unknown. We proposed
the following hypotheses. First, based on the correlation found
between increasing air temperatures and delayed autumn
migration in northern Europe (Prange 2012, Volkov et al. 2016),
and on similar effects of climatic predictors on spring and autumn
migration phenology in eastern European stopover sites (Végvári
and Kovacs 2012, Végvári 2015), we hypothesized that an increase
in temperature, the most used indicator of climate change, could
have detectable effects on the timing of Common Crane migration
in southwestern Europe. Second, we hypothesized that low
precipitation can modify the staging and wintering patterns of
Common Cranes. Insufficient rainfall at wintering sites may
reduce the amount of food and drinking water available for
Common Cranes (Alonso et al. 1994, Harris and Archibald 2013)
and dry up the shallow lagoons that provide safe roosting sites.
In Gallocanta, annual rainfall and water depth of the lagoon have
decreased since 1974 (Castañeda and Herrero 2009, García et al.
2009), and thus the peak counts during spring and autumn
migrations should have dropped. However, numbers have
increased (Bautista et al. 1992), though this could be due to the
increase of the Common Crane population in the Western
Palearctic (Alonso et al. 2016, Prange 2016). Based on the weak
relationship between annual rainfall and lake level (Kuhn et al.
2011), we explored the effects of both rainfall and water level of
the lagoon on Common Crane numbers and migration dates. Our
aim in this study was therefore to determine if  Common Crane
phenology at Gallocanta changed between 1973 and 2018 in both
autumn and spring migrations, and how these changes were
related to air temperature as a measure of global warming, but
also to other variables that provide essential resources to Common
Cranes, namely rainfall and water level of the lagoon.
METHODS
Study area
Gallocanta is an endorheic basin of 54,335 ha surrounding an
ephemeral saline lake (40°58' N, 1°30' W, 990 m.a.s.l.) with a water
surface of approximately 1330 ha (Iglesias and Bone 2006).
Salinity ranges between 0.5 and 49.4 dS/m, being higher when the
water level is low. This basin is located in the central sector of the
Iberian Range, in the NE Iberian Peninsula. The climate is
semiarid and has a strong continental and altitudinal influence.
Summers are hot and winters are cold with little rainfall. The
average annual temperature is 11.6 ºC, but the continental and
altitudinal influences lead to a great temperature variation, i.e.,
minimum values of around -20 ºC and maximum above 35 ºC.
The average annual rainfall is around 440 mm, gathered mostly
in spring and autumn but with strong interannual variation. Most
of the land is intensively cultivated (35,637 ha; CORINE 2018),
mainly with wheat and barley, and some sunflower.
Meteorological series
Time series of air temperature and precipitation were obtained
from 1973 to 2018. Meteorological data include daily mean air
temperatures and daily rainfall. From daily mean air temperature
and daily rainfall we calculated annual mean air temperature and
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annual rainfall. The data were obtained from a meteorological
station located in Gallocanta (40°59′0″ N, 1°30′32″ W), next to
the lake. Because Gallocanta meteorological series were not
complete for the study period, daily temperatures and
precipitation series from meteorological stations across the study
area provided by the Spanish State Meteorological Agency
(AEMET, http://www.aemet.es/en/portada) were interpolated by
using the inverse distance weighting (IDW) of meteorological
variables. IDW has been widely used to interpolate meteorological
variables (Kurtzman et al. 2009, Chen and Liu 2012), and it is
recognized as one of the most common techniques for
interpolation. The IDW formulas are described in Equations 1
and 2. 
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Where the estimated variable (in mm or ºC); is variable measured
at point; is the number of meteorological stations used for
interpolation; is the weighting of each meteorological station; is
the distance from each meteorological station to the estimated
point; and is the power coefficient set as = 2 in this study. IDW
estimate values for unsampled locations were based on weighted
values of known points around those locations. The value at the
unknown location is the weighted sum of the values of known
points based on the distance between the known points and the
estimated point.  
The interpolation was evaluated with two different statistics:
mean absolute error (MAE) and bias. The MAE is calculated as
the mean of the absolute differences between predicted and
observed values and shows the magnitude of the error regardless
of its sign. The bias is calculated as the mean of the differences
between estimated and observed values and shows the tendency
to overestimate or underestimate the interpolated variable.  
Validation tests applied to interpolated data showed low MAE
(23 mm and 0.6 °C) and BIAS (21 mm and 0.6 °C). Precipitation
mean error was 6% of the rainfall amount, whereas temperature
mean error was 5%. Both estimations slightly overestimated
precipitation and temperature. However, MAE and BIAS values
were low, so we accepted interpolated data.
Lake water level
From 1973 to 2015 the regional water management authority
(Ebro Hydrographic Confederation, CHE) measured the water
level daily or weekly (Confederación Hidrográfica del Ebro 1997,
2002, 2003). Since 2015, water level sensors connected to an
automated electronic recorder collected the water level every hour.
In addition, water level data that were recorded occasionally by
wildlife guards at roughly the same times, and evenly across the
sampling period, were also included in this study. The
combination of data sources allowed us to assemble a continuous
series of water depths from 1974 to 2018 and calculate the annual
mean water depth at the measurement point.
Common Crane censuses
Common Cranes usually arrive at Gallocanta between October
and December. A variable number of birds remain there
throughout the winter, whereas most continue migrating to their
traditional wintering areas in southwestern Spain. Prebreeding
northward migration takes place between late February and early
April.  
Experts in conducting censuses made Common Crane counts.
Before 1979, the Common Crane population arriving at
Gallocanta was surveyed on a weekly to fortnightly basis by
wildlife guards (Hernández 1986). Beginning in 1979, counts were
increased to one to two times per week (Bautista et al. 1992). Two
to six observers counted Common Cranes that left the roosts in
early morning after sleeping there, then returned in the evening.
Since 2005, guards counted Common Cranes weekly between
October and March (Gobierno de Aragón 2018). Birdwatchers
provided a few additional censuses (e.g., Prieta and del Moral
2009, Sampietro et al. 2017, Román 2018). All these counts
followed the same census protocol, so the small changes in survey
frequencies over the study period (one to two times per week as
a rule, one time per fortnight only on the years 1973–1979) have
not caused any major bias when calculating mean or maximum
crane numbers during both migrations or in winter.
Statistical analyses of numbers of Common
Cranes
As mentioned above, we worked with the maximum numbers of
Common Cranes in both migrations (autumn: postbreeding,
spring: prebreeding) and the minimum numbers in winter
(January). Because the western population of Common Cranes
showed a clear increase (Alonso et al. 2016), the observed number
of Common Cranes was standardized according to the number
of Common Cranes counted in the last year (i.e., 2018) with
Equation 3: 
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Where the standardized number of Common Cranes in year i, is
the maximum number of Common Cranes counted in 2018, and
is the difference between the theoretical observation and the
measured observation of Common Cranes each year in
percentage. After controlling for the historical increasing trend
we analyzed the effects of meteorological factors and other abiotic
variables on the seasonal number of Common Cranes across
years.  
We also analyzed the historical trend of wintering Common
Cranes, bearing in mind that the number of wintering Common
Cranes must be a fraction of the Common Crane population
staging in autumn. As a proxy of the proportional number of
Common Cranes that overwintered in Gallocanta, we calculated
the ratio between the minimum number of wintering Common
Cranes (January) and the maximum counted in the previous
autumn migration. Everything else being equal, it can be assumed
that the higher the maximum in autumn, the higher the minimum
number of Common Cranes overwintering in Gallocanta.  
The variability across years can mask a historical trend in the
number of Common Cranes, thus a Mann-Kendall seasonal test
was calculated. The nonparametric Mann-Kendall test calculates
a trend and the level of statistical significance of such trend in
temporal series. Trend analysis is completed by using Sen’s slope,
which quantifies the calculated trend in the number of Common
Cranes (Helsel and Hirsch 2002). Correlations were calculated
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with the nonparametric Kendall’s correlation coefficient.
Statistical and trend analyses were performed with the
MAKESENS Microsoft Excel Template (Salmi et al. 2002), and
correlation analysis and regression models with the Trend
Package from R software (R Development Core Team 2016) and
JMP software.
Statistical analyses of migration dates
For the purpose of comparing changes in migration times,
standardized bird-banding data may be preferable to bird counts
(Miller-Rushing et al. 2008), but a sufficient number of resightings
of banded Common Cranes was not available. We analyzed the
Julian dates when maximum numbers of Common Cranes were
counted at the lake in autumn and spring as proxies of the
migration timing in Gallocanta. We disregarded dates of early
and late migrations because detailed counts of Common Cranes
arriving early in autumn or leaving late in spring were not
available. Additionally, the increase in numbers of Common
Cranes in the western population probably contributed to extend
the length of the migratory period over the years, and therefore
the first and last dates of migration could be worse estimators of
the migration phenology than the dates of maximum Common
Crane counts. We also provided additional results of dates
corresponding to the 50th percentile of Common Crane counts
during autumn and spring migrations, because quantifying the
entire seasonal distributions of migration dates could result in
more stable inferences than relying on a single date of maximum
bird counts (Cohen et al. 2015).  
To assess the influence of abiotic conditions over migration dates,
we performed single and multiple regression models for both
spring and autumn migrations. In the models we included abiotic
conditions (temperature, rainfall, and water level) as independent
variables, and the dates of maximum number and 50th percentile
of Common Cranes as dependent variables.  
In addition to statistical analyses of historical trends (1970–2018),
short-term variability in abiotic variables (weather, temperature,
etc.) would add seasonal variability in dates of migration peaks.
The abiotic variables in spring (January–March) and autumn
(October–December) were included in a correlation analysis in
order to isolate the influence of seasonal conditions over the
migratory peaks. Seasonal effects of weather and other abiotic
variables in dates of maximum migration were calculated with
the residuals of a linear model of the historical trends of the
abiotic variables. We included the residuals of seasonal mean
temperature, rainfall, mean water level at the lake, and North
Atlantic Oscillation (NAO) index in spring and autumn as
predictor variables of seasonal changes in the date of the
migration peak.
RESULTS
Weather series and water level of the lagoon
Between 1973 and 2018 the air temperature increased 0.3 °C per
decade (P < 0.001). This increase was fairly linear, totaling ~1.4 °
C over the study period (Fig. 1). Annual rainfall showed a
statistically nonsignificant decrease.
Fig. 1. Mean annual air temperature (top), annual
precipitation (middle), and water level of the lagoon
(bottom) in Gallocanta between 1973 and 2018.
Temporal trends (highlighted with linear regression
fitting lines) are statistically significant (P < 0.001) for air
temperature increase and water level decrease
(continuous lines). Annual precipitation did not show a
significant temporal trend (dashed line).
The main characteristic of water level values was a strong
interannual and intra-annual variation. On May 1974 the water
level was around 2 m, the highest value during the study period.
After 1983 it fluctuated across years (Fig. 1, bottom series),
between extremely dry years and long periods of open water,
always below 1 m.  
Water level correlated negatively with air temperature (Kendall τ 
= -0.40, P < 0.001) and positively with rainfall (Kendall τ = 0.21,
P = 0.049). Air temperature and rainfall were not correlated (P >
0.05).
Historical trends of Common Crane numbers
in Gallocanta and their relation with weather
The maximum number of Common Cranes in Gallocanta
increased over the study period, from a few hundred individuals
in 1973 to many thousands in the last years (the peak was 120,000
birds on a single day in February 2011). The increase was slightly
different in each migration season and study stage: during the first
15 years of the study period, greater maximum numbers of
Common Cranes were observed in autumn than in spring, while
in the last 10 years the reverse was observed (Fig. 2). The overall
increase in maximum numbers was > 600 Common Cranes/year
in autumn and > 1000 Common Cranes/year in spring.  
Over the period 1983–2018, when water level of the lagoon
oscillated, the standardized maximum number of Common
Cranes in autumn was significantly correlated with water level
(Kendall τ = 0.38, P = 0.002; Fig. 3), but not with temperature
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Fig. 2. Maximum numbers of Common Cranes (Grus
grus) counted in Gallocanta during the autumn (top) and
spring (bottom) migration periods, and minimum
number during the overwintering period (middle).
Temporal trends (highlighted with linear regression
fitting lines) are all statistically significant (P < 0.001).
Fig. 3. Relationship between the maximum number of
Common Cranes (Grus grus) in autumn migration
(period 1983 to 2018) and the annual mean of water
level. Numbers of Common Cranes were previously
standardized to the autumn peak of year 2018 to control
for the population increase along the study (see
Methods). The line shows a linear regression fit (P <
0.001).
(Kendall τ = -0.11, P = 0.360), nor rainfall (Kendall τ = 0.15, P
= 0.200). In spring, the standardized maximum number of
Common Cranes was correlated with temperature (Kendall t
= -0.25, P = 0.036) and rainfall (Kendall t = 0.29, P = 0.014), but
not with water level (Kendall t = 0.21, P = 0.078). A multiple
regression model supported water level as the significant predictor
of Common Crane numbers in autumn (Appendix 1, Table A1.1).  
The minimum number of Common Cranes wintering in
Gallocanta also increased over the study period, from 1% of the
previous autumn maximum in 1973 up to 40% in 2018 (Fig. 4).
These percentages correlated negatively with water level (Kendall
τ = -0.35, P = 0.004) but not with temperature (Kendall τ = 0.12,
P = 0.330) or rainfall (Kendall τ = 0.05, P = 0.650). A multiple
regression model supported the water level as the explanatory
variable of the number of cranes (Appendix 1, Table A1.1).
Fig. 4. Ratio of the minimum number of Common
Cranes (Grus grus) in winter to the maximum number of
Common Cranes during autumn migration throughout
the study period. The continuous line shows a linear
regression fit (P < 0.001).
Dates of migratory peaks and their relation
with weather
The spring migratory peak advanced 0.37 days/year (CI95%:
0.23–0.53 days/year, P < 0.001), whereas in autumn the advance
was statistically nonsignificant (Fig. 5). The date of the 50th
percentile migration provided the same results: spring migration
advanced 0.38 days/year (CI95%: 0.22–0.50 days/year, P < 0.001)
and autumn migration was statistically nonsignificant.  
The dates of migratory peaks correlated negatively with
temperature in both migrations (Fig. 6; autumn: Kendall τ = -0.24,
P = 0.020; spring: Kendall τ = -0.40, P < 0.001) and positively
with water level only in spring (Kendall τ = 0.36, P < 0.001).
Rainfall was not significantly correlated with migration timing,
neither in spring (Kendall τ = 0.16, P = 0.131) nor in autumn
(Kendall τ = 0.04, P = 0.680). In autumn, a multiple regression
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model supported the advancing effects caused by water level
decreases and air temperature increments. In spring, the multiple
regression highlighted water level as the only significant predictor:
the lower the water level, the earlier the migratory peak (Appendix
2, Table A2.1).
Fig. 5. Date of maximum number of Common Cranes
(Grus grus) in autumn (top) and spring (bottom)
migrations. Common Cranes advanced the migration in
spring 16.2 days (P < 0.001) but not in autumn (P >
0.05). Lines show linear regression fits, respectively
statistically significant (continuous line) and
nonsignificant (dashed line).
Fig. 6. Dates of migratory peaks in autumn (top) and
spring (bottom) advanced with higher annual mean
temperatures. Linear regression fits were statistically
significant in autumn (P < 0.05) and spring (P < 0.01):
on average, Common Cranes (Grus grus) significantly
advanced their migration time by 10.4 days in autumn
and 11.6 days in spring per °C increase.
Pairwise nonparametric correlations of weather variables with
the dates of the 50th percentile migration produced similar results:
the 50th percentile correlated negatively with temperature in both
migrations (autumn: Kendall τ = 0.16, P = 0.133; spring: Kendall
τ = -0.23, P < 0.031) and positively with water level, but only in
spring (Kendall τ = 0.25, P < 0.019). Rainfall was not significantly
correlated with migration timing measured as the 50th percentile,
neither in spring (Kendall τ = 0.102, P = 0.336) nor in autumn
(Kendall τ = -0.005, P = 0.960). A multiple regression model
supported the advancing effect caused by decreases in water level
and increments in air temperature on the dates of the 50th
percentile migration in autumn. In spring only water level was a
significant negative predictor of the 50th percentile migration
(Appendix 2, Table A2.1).  
Regarding the seasonal analysis, in spring the migration
phenology was positively correlated with the residuals of the
linear regression of mean water level (Kendall τ = 0.33, P = 0.001)
and rainfall (Kendall τ = 0.25, P = 0.018). These correlations were
not found during the autumn migratory period.
DISCUSSION
The results support our initial hypothesis that variations in the
spring migration phenology of Common Cranes at a stopover
site in southwestern Europe may be associated to climate change.
Temperature, rainfall, and water level of the lagoon influenced
the peak and 50th percentile migration dates and the number of
individuals in the study area. Some caution must be taken,
however, when interpreting the influence of climate change on the
changes observed during the autumn migration and wintering
periods.  
The increase in air temperature in our study area was similar to
those recorded in other areas of the Iberian Peninsula (García-
Garizábal and Causapé 2010), and also to trends reported for
other Common Crane areas in Europe (e.g., 1.2 °C in France;
Salvi 2012). Such increases have been explained as effects of global
warming (IPCC 2013). In addition, certain long-term climatic
cycles may also induce temperature and weather changes (IPCC
2013). For instance, both the North Atlantic Oscillation (NAO)
and the Southern Oscillation could exert an influence at different,
long-term temporal scales in Gallocanta, where drought phases
of the lagoon every 14 years suggest a positive response to El
Niño-Southern Oscillation signals, while no response to NAO
have been observed (Rodo et al. 1997). One of the main limitations
of climate change studies using birds as models is how rarely other
potential causes of changing bird populations and behaviors are
considered alongside climate change, to analyze multiple
contributing drivers (Paxton et al. 2014, Møller and Dunn 2019).  
Common Cranes in Gallocanta started their northward migration
in spring 3.7 days per decade earlier. This advance in the date of
the spring migration peak is similar to that reported for other
birds (2.1 days per decade, Usui et al. 2017), including other crane
species, and does not differ much from values reported for
Common Cranes in other European sites (Palm et al. 2009,
Lundgren 2012). Observations of Whooping Cranes between
1942 and 2016 showed an advance of almost three days per decade
in their spring migration and a delay of the same magnitude in
their autumn migration (Jorgensen and Brown 2017). The most
obvious benefit adult pairs obtain from advancing spring
migration is the possibility to start breeding earlier, thus having
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longer periods for raising their offspring before the next autumn
migration. An additional benefit is to facilitate an earlier onset
of the autumn migration, which has been reported in some studies
(Filippi-Codaccioni et al. 2011, Végvári 2015). However, a
temperature increase at the breeding grounds could favor a delay
of the autumn migration (e.g. Volkov et al. 2016).
Climate change and numbers of Common
Cranes
Cranes need a wetland to roost and drink water. Although
previous studies have considered food as a limiting factor for
Common Crane staging and wintering in Gallocanta (Alonso et
al. 1987b, 1994, 2003, 2018), the effect of water as a limiting
resource is poorly known. We used two variables, water level of
the lagoon and rainfall. Although both are related (see Fig. 1),
they have different meanings and implications for the number of
Common Cranes. A certain water level is needed in order to
provide suitable roosting sites for Common Cranes, and a
minimum amount of rainfall is also required to fill the few streams
and small ponds that birds use to drink water because the lagoon
is saline. The water level of the lagoon fluctuated heavily since
1983, including some years when it dried up (Fig. 1). Common
Cranes need ~0.2 m water level for roosting, but that depth would
force all birds to gather in too small an area, limiting the lagoon’s
carrying capacity as a roosting place. Years with a higher water
level offered more sites to roost because the lagoon is large and
very swallow. We found a positive correlation between number of
Common Cranes in autumn and water level, supporting our
inference about the impact of water level on the number of
Common Cranes. However, we also found a negative correlation
between wintering population and water level. This correlation
may be explained by the influence of higher temperature, which
accelerates evapotranspiration from the lagoon and favors the
increasing number of wintering Common Cranes. Nevertheless,
the relationship between water level and roosting behavior of
Common Cranes in Gallocanta deserves further research.  
Apart from water level, climate change also modifies food
availability. Although the spring migration did not seem to depend
on food availability (Alonso et al. 1990a, b), in autumn Common
Cranes tended to remain longer at Gallocanta, delaying the
migration to wintering areas further south as long as enough food
was available in Gallocanta (Alonso et al. 1994). Clearly, enough
food availability is needed to remain in a stopover site (Alonso et
al. 1994, 2018, Goss-Custard et al. 2002, 2003). This variable
should have been included in the analyses, but this was not possible
because food availability was not measured every year during the
almost 45 years covered by the present study. However, it is worth
highlighting that the high numbers of Common Cranes in January
1986 and 2014 (see Fig. 2) were preceded by cereal losses during
harvest in summer due to bad weather, and that the grain left on
the ground determined significant increases in food availability
for Common Cranes during their autumn staging and well into
the winter period in both years (Alonso et al. 1994, Sampietro et
al. 2017).
Effect of climate variables on migration
phenology
We found that the timing of peak Common Crane numbers in
spring was influenced by temperature, occurring 11.6 days earlier
per °C rise in mean annual air temperature (Fig. 6). Because
temperature increased over the years, this resulted in an advance
of 0.37 days/year in the spring migration peak. In autumn, the
advance was 10.4 days per °C rise in air temperature. This advance
was bigger than the average change reported for hundreds of
migrating bird species across continents (1.2 to 1.7 days per °C;
Koláŕová et al. 2017, Usui et al. 2017), suggesting that the response
scale of larger bodied birds could be different than that of smaller
species.  
As for the water level of the lagoon, the fluctuations over the
period 1983–2018 were correlated with number of Common
Cranes. A plausible explanation of such correlation is that low
water levels prevent an accumulation of large numbers of
Common Cranes because of a lack of enough suitable roosting
sites in the shallow margins of the lagoon, as explained above.
Moreover, both water level and rainfall during spring were
correlated with the date when migration peak occurred. Our
interpretation of this result is that both a too shallow water level
in the lagoon and lack of sufficient spring rainfall enhance the
effect of high temperatures, contributing to further advance the
onset of northward migration from Gallocanta. Mean annual
water level was negatively correlated with mean temperature and
positively with annual rainfall, but temperature and rainfall did
not correlate with the timing of migratory peaks, nor with
maximum numbers of Common Cranes. This lack of a direct
association highlights the main role of water level on the
availability of roosting sites compared to temperature. Results
obtained with linear mixed-effects models and alternative proxies
for migration dates, i.e., dates of the 50% percentiles (Appendices
1 and 2) support this conclusion. Finally, spring migration in
Gallocanta is speeded up by tail winds and delayed by cloudy
skies and front winds (Alonso et al. 1990a, b), but local weather
in spring was rather variable among years and cannot explain the
advance of the spring migratory peak.
Recent changes in Common Crane
distribution and their effect on the timing
and number of Common Cranes in Gallocanta
Over the last decades the wintering range of Common Cranes in
Western Europe has shifted northward (Alonso et al. 2003, Salvi
2012, 2013). In this context it is noteworthy that in response to
warmer spring conditions, cranes migrating shorter distances
have advanced their spring migratory phenology more than long-
distance migrants (Usui et al. 2017). The advance in spring
migration reported in the present study may be carefully
considered before extrapolating it to future scenarios because of
the species’ current biogeographic situation, which is evidently
changing and could increase the magnitude of the reported
changes.  
The overall critical lack of investigations on microevolutionary
changes in bird phenology in response to climate change prevents
drawing reliable conclusions on the processes underlying the
observed patterns of advanced phenology in birds (Charmantier
and Gienapp 2014, Cobben and van Noordwijk 2017). We can
expect that increasing observations of individually marked
Common Cranes in future years, e.g., iCora database (Crane
Conservation Germany gGmbH, and NABU Crane Center 2018)
will shed light on how Common Cranes track climate change
along the western migratory route.
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CONCLUSION
In sum, Common Cranes have advanced their spring passage
through Gallocanta over the last five decades. This shift in
migration dates coincided with a change in climatic conditions.
Because climate change is modifying ecological and climatic
conditions in Gallocanta, potential alterations of food availability
as well as roosting and drinking sites are likely. Although other
migratory birds that did not show a phenological response to
climate change are declining (Møller et al. 2008, Newson et al.
2016), a size increase of the Western Palearctic Common Crane
population size is observed. Thus, further shifts in climate could
continue favoring Common Cranes in northern Europe. However,
in southern Europe the drying out of wetlands and desertification
and deterioration of stopover and wintering areas could become
a serious threat to the specie in the long term.
Responses to this article can be read online at: 
http://www.ace-eco.org/issues/responses.php/1565
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Appendix 1. Multiple linear model: number of cranes vs abiotic conditions 
 
Table A1.1. Multiple linear models of abiotic variables (temperature, water level and rainfall) as predictors of the maximum number of Common 
Cranes in autumn and spring, but minimum number of wintering cranes in January. Abiotic variables were averaged for the whole year (365 days). 
Regression coefficients and standard errors (+SE) are shown with t-values and P-values.  
 
 Autumn    Winter    Spring   
 Estimate +SE t P  Estimate +SE t P  Estimate +SE t P 
Temperature 6.03 + 6.57 0.92 0.336  -4.38 + 6.91 0.63 0.532  -15.90 + 14.88 -1.07 0.294 
Water level 55.90 + 16.41 3.41 0.002  -24.67 + 8.04 3.07 0.004  48.50 + 31.28 1.55 0.131 
Rainfall 0.06 + 0.04 1.62 0.116  0.02 + 0.04 0.53 0.600  0.12 + 0.09 1.34 0.191 
intercept -108 + 80 -1.35 0.189  80 + 85 0.94 0.351  211.94 + 183.45 1.16 0.257 






Appendix 2. Multiple linear model: dates of the maximum number and the 50th percentile of Common Cranes counts vs abiotic 
conditions 
 
Table A2.1. Multiple linear models of abiotic variables (temperature, water level and rainfall) as predictors of the Julian day of (a) the maximum 
number of Common Cranes (migratory peak) and (b) the 50th percentile of Common Cranes counts in autumn and spring migrations. Regression 
coefficients and standard errors (+SE) are shown with t-values and P-values.  
 
  Autumn    Spring    
Date type Abiotic variables Estimate +SE t P  Estimate +SE t P  
(a) Migratory peak          
 Temperature -12.0 + 6.30 -1.92 0.063  -2.9 + 2.0 -1.46 0.052  
 Water level -1.8 + 7.30 -0.25 0.805  7.0 + 2.30 3.05 0.004  
 Rainfall -0.003 + 0.038 -0.09 0.928  0.005 + 0.01 0.40 0.693  
 intercept 467 + 77 77 <0.001  86 + 24 3.57 <0.001  
 Model F3,39=1.74, P=0.175 
 F3,39=10.33, P<0.001 
 
(b) 50th percentile          
 Temperature 3.93 + 1.89 2.07 0.04  -1.37 + 2.61 -0.526 0.602  
 Water level 2.72 + 2.20 1.24 0.22  5.391 + 3.04 1.774 0.084  
 Rainfall -0.004 + 0.01 -0.4 0.698  -0.007 + 0.02 -0.438 0.664  
 intercept  276.7 + 23.2 11.9 <0.001  67.9 + 32.07 2.12 0.041  
 Model F3,39=1.58, P=0.215 
 F3,39=2.48, P=0.08 
 
